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(57)Abstract: 

PURPOSE: To obtain an antistatic rubber composition improved in electrical conductivity without 
impairing its excellent properties owing to silica incorporation therein, and excellent in spark resistance, 
useful for e.g. automotive tires, comprising a rubber, a silica filler and specific carbon fibers. 
CONSTITUTION: This composition comprises (A) 100 pts.wt. of a natural or synthetic rubber (e.g. 
styrene-butadiene rubber), (B) pref. 40 to 100 (esp. 60 to 80) pts.wt. of a silica filler and (C) pref. to 200 
(esp. 10 to 150) pts.wt. of vapor-grown carbon fibers each having an average diameter of 0. 01 to 3^im, 
esp. 0.05 to 0.5|xm and a fiber length of 5 to ISO^m, esp. 10 to 100pm (e.g. vapor- grown graphitized 
carbon fibers having an average aspect ratio of 2 to 200, esp. 30 to 110). 
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* NOTICES * 

JPO and NCIPI are not responsible for anydamages caused by the use of this translation. 
5 I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

15 [Claim 1] The antistatic nature rubber constituent characterized by containing natural rubber 
and/or synthetic rubber, the nature bulking agent of a silica, and the vapor growth carbon fiber 
the average diameter of whose is 0.01-3 micrometers. 

[Claim 2] Said vapor growth carbon fiber is said antistatic nature rubber constituent according 
to claim 1 the average diameter of whose is 0.05-0.5 micrometers. 
20 [Claim 3] Said vapor growth carbon fiber is said antistatic nature rubber constituent according 
to claim 1 or 2 which is a graphitization vapor growth carbon fiber. 



DETAILED DESCRIPTION 

25 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the antistatic nature rubber constituent which 
can be used suitable for a technical field, for example, a belt, which static electricity generates, 
30 a tire, etc., when it has the good antistatic engine performance and friction is added in more 
detail about an antistatic nature rubber constituent. 
[0002] 

[Description of the Prior Art] In recent years, it is diversified increasingly and the military 
requirement to rubber goods is going towards high-perform a nce-izing. In order to meet such a 

35 demand, the approach of various rubber refining is proposed. 

[0003] Although development of the rubber constituent which has a special function is made by 
composition of a new high performance elastomer, of course, on the other hand, by blending 
with existing rubber the bulking agent which has special effectiveness, how to give the new 
engine performance is also examined and the some are already put in practical use. 

40 [0004] Carbon black is the most important among various kinds of bulking agents used for 
rubber. Reinforcement nature of carbon black is the largest. So, carbon black is the tire which 
needs reinforcement, abrasion resistance, and fatigue resistance, and a bulking agent it is [ a 
bulking agent ] indispensable to a belt. Carbon black is blended with the tire or the belt at no 
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less than 40 - 50% of the weight of a rate to the rubber blended. Furthermore, this carbon black 
is semiconductance in itself, and also has the effectiveness that electrical conductivity can be 
given to insulating rubber. 
[0005] Next silica is important. 

[0006] There are the water silicic acid and silicic acid anhydride by which a common name is 
carried out to white carbon in silica. Although the former has much free moisture and bound 
water — the latter — these — few — moreover — Fe 203 aluminum 203 etc. — there are 
also few impurities and they are high grades. Synthetic rubber, especially a silicic acid anhydride 
are mainly used for the silica as reinforcing materials of silicone rubber. 

[0007] However, even if it is carbon black said for the rubber reinforcement effectiveness to be 
excellent, it cannot be said that this gives the effectiveness that satisfaction for all engine 
performance not necessarily goes. For example, when the mixture of the halo isobutylene 
isoprene rubber and carbon black which are a kind of synthetic rubber is vulcanized, the 
resistance of the dynamic distortion and this mixture to especially bending/tensile strain is 
inadequate. 

[0008] But if a silica is blended instead of carbon black, it is said that the good resistance (for 
example, it becomes good also two to 3 times rather than the case where carbon black is 
blended.) over distortion of bending / **** type, and both the effectiveness of still fewer 
generation of heat (for example, no less than about 15-20 degrees C are lower than the case 
where carbon black is blended.) can be acquired (refer to JP, 4-1 17741, A). 

[0009] Moreover, the rubber which blended the silica as a bulking agent is excellent in oilproof 
and acid resistance compared with the rubber which comes to blend carbon black. Therefore, 
the rubber which blended the silica is used as rubber for lining of the band conveyor for pickling 
of metals, and the rubber which contains a silica also in the location which gets wet to oil is 
used. Moreover, since there are few hystereses of deformation, the rubber which comes to 
blend silica has the description that the resistance in repeat deformation is small and few 
energy losses are. Therefore, when it is used as tires, such as an automobile, compared with 
carbon black restoration rubber, fuel consumption falls remarkably that there is [therefore] little 
rolling resistance, and it is said that it is rare to soil an environment. 

[0010] However, since the silica does not have conductivity in itself, it has the fault of it being 
impossible to give antistatic nature like carbon black even if it blends with rubber, and being 
easy to be charged. Therefore, there is risk of a spark occurring with static electricity 
generated by electrification under the conditions which friction always produces. 
[0011] It is 104-108 to the rubber constituent containing silica. In order to give the volume 
resistivity value of omega-cm and to prevent static electricity electrification, mixing of the 
bulking agent which has conductivity is needed. In that case, it is required to fulfill terms and 
conditions, such as not to spoil the property of rubber, not to dissociate or drop out of rubber 
under friction conditions, and to demonstrate the electric conduction effectiveness by little 
addition. 

[0012] As a bulking agent which blends with resin or rubber and gives conductivity, the metal 
system bulking agent, the nonmetal system bulking agent, and the carbon system bulking agent 
are known. 

[0013] Although metal system bulking agents, such as copper and silver, are extremely excellent 
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in the conductivity of itself, a degree of hardness is high and spoils the flexibility of rubber 
upwards, its compatibility with rubber is also bad, and therefore they reduce the engine 
performance of rubber. Furthermore, there is risk of separation and desorption taking place 
under friction conditions. Therefore, the metal system-bulking agent is mainly used for high 
5 conductivity applications, such as resin for EMI with which neither friction nor wear takes place. 
[0014] On the other hand, nonmetal system bulking agents, such as a zinc oxide and titanium 
oxide, are semi-conductor grade, and that of the conductivity of itself are dramatically low. 
Therefore, in order to give conductivity to rubber, the nonmetal system-bulking agent of a large 
quantity must be blended with rubber, and a result to which the engine performance of others of 

10 a rubber constituent is reduced on the contrary is brought. 

[0015] Although it is thought that a carbon system-bulking agent with high compatibility with 
rubber is suitable, since the conductivity of itself is not high, as for usual carbon black, no less 
than 20 - 30% of the weight of a high fill is needed. If it does so, the fill of carbon black will 
become superfluous and will reduce the physical properties of a rubber constituent on the 

15 contrary. When a part of fill of silica is replaced by the fill of carbon black, the outstanding 
physical properties which should be brought about by the silica stop moreover, being discovered. 
[0016] [by which the following things are generally known about the case where a conductive 
bulking agent is blended with rubber — Soma **** Society of Rubber Industry, Japan 63 
655(1990)]. 

20 [0017] In making an electric conduction function discover by blending a conductive bulking 
agent with resin or rubber, the rule of mixture is not applied. Usually, although the specific 
resistance (volume resistivity) of bulk will begin to fall suddenly if a certain fill is exceeded, the 
related curve of specific resistance and the fill of a bulking agent changes with the configuration 
of a conductive bulking agent, magnitude, the condition of surface treatment, the processing 

25 method, and the classes of matrix intricately. That is, it becomes an important key how the 
electric conduction pass by the bulking agent is made to generate in a matrix. 
[0018] A fibrous conductive bulking agent is effective in it, and the longer possible one of the 
die length is advantageous. This is supported from the ability of the thing of the structure from 
which structure developed also in carbon black to also give high conductivity to a rubber 

30 constituent or a resin constituent. Moreover, the effect affect the electrical conductivity of a 
particle-like bulking agent and a fibrous bulking agent is shown in the above-mentioned report. 
According to the report, the rate of volume filling of the bulking agent which gives the same 
volume resistivity value to a rubber constituent is the sequence of a particle-like bulking agent 
> fibrous bulking agent > fibrous bulking agent (however, when the die length of a fibrous bulking 

35 agent is 200 micrometers). (However, when the die length of a fibrous bulking agent is 100 
micrometers) 

[0019] However, when performing compound-ization with the fibrous bulking agent of a staple 
fiber, and rubber, if the die length of a fibrous bulking agent is too long, a tangle of fibrous 
bulking agents cannot arise, a fibrous bulking agent cannot distribute to homogeneity in rubber, 
40 and the improvement in the engine performance of a rubber constituent cannot be attained. 

[0020] Moreover, for the carbon fiber (for example, the diameter of 7 micrometers, die length of 
6mm) of a PAN system or a pitch system, an average of 150 micrometers and an aspect ratio 
are [Noguchi **** and Society of Rubber Industry, Japan 57 171(1984)] to which it is crushed 
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by receiving high shearing force during kneading with rubber like a glass fiber, and die length 
falls even to about 20. 

[0021] Therefore, although the conductivity of the carbon fiber itself is higher than that of 
carbon black, it is not necessarily effectively committed for electric conduction pass formation 
in a actual rubber constituent. 

[0022] If the diameter is made small even if it is brittle fiber which is easy to be cut according 
to shearing force, becoming that it is hard to be cut is known. For example, [Ashida [Michio] and 
Society of Rubber Industry, Japan 63 694(1990)] in the inclination for the breakage under 
processing to decrease by a glass fiber becoming flexible as the diameter of a glass fiber will 
become small, if a glass fiber is blended with nitrile rubber (NBR) or SBR (styrene butadiene 
rubber). Naturally the carbon fiber which is also the same brittle matter also has the same 
inclination. 

[0023] However, in the case of the carbon fiber which uses PAN or a pitch as a raw material, 5 
micrometers or more, a diameter is a 7-10-micrometer carbon fiber actually, and it sees from 
the manufacture approach and is difficult [manufacturing industrially the carbon fiber which has 
a diameter not more than this] a diameter for it to be able to obtain from a commercial scene 
actually. 

[0024] Therefore, the above-mentioned carbon fiber is not suitable as bulking agents, such as 

an elastomer. 

[0025] 

[Problem(s) to be Solved by the Invention] Without reducing the property which was excellent in 
the rubber constituent obtained by containing a silica bulking agent, this invention has an 
antistatic function and is aimed at offering the rubber constituent whose spark-proof nature 
improved. This invention has an antistatic function using the carbon system-bulking agent which 
has a further specific configuration, and is aimed at offering the rubber constituent whose 
spark-proof nature improved. 
[0026] 

[Means for Solving the Problem] In order for this artificer to attain said object, when the silica 
and the vapor growth carbon fiber which has a specific diameter were blended with rubber, the 
rubber constituent obtained reached invention of a header lever in the thing of the rubber 
constituent whose antistatic function oilproof [based on a silica / that] and acid resistance 
were not spoiled, but moreover improved by combination of a vapor growth carbon fiber 
acquired. 

[0027] Invention according to claim 1 for solving said technical problem It is the antistatic 
nature rubber constituent characterized by containing natural rubber and/or synthetic rubber, 
the nature bulking agent of a silica, and the vapor growth carbon fiber the average diameter of 
whose is 0.01-3 micrometers. Invention according to claim 2 said vapor growth carbon fiber The 
average diameter is said antistatic nature rubber constituent according to claim 1 which is 
0.05-0.5 micrometers, and invention according to claim 3 is said antistatic nature rubber 
constituent according to claim 1 or 2 said whose vapor growth carbon fiber is a graphitization 
vapor growth carbon fiber. 
[0028] 

[Embodiment of the Invention] 
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- Rubber - Natural rubber and synthetic rubber can be mentioned as rubber in the rubber 
constituent of this invention. In the rubber constituent of this invention, as rubber, natural 
rubber can also be used independently, synthetic rubber can also be used independently, and 
natural rubber and synthetic rubber can also be further used together. 
5 [0029] Modified rubber like for example, epoxidation natural rubber is also included in the natural 
rubber in this invention. 

[0030] As synthetic rubber, polyisoprene rubber, butadiene rubber, a styrene butadiene rubber, 
ethylene-propylene rubber, isobutylene isoprene rubber, halo isobutylene isoprene rubber (for 
example, chlorinated butyl rubber, brominated butyl rubber, etc. can be mentioned.), silicone 

10 rubber, polyurethane rubber, etc. can be mentioned. 

[0031] As an example of concomitant use of two or more sorts of rubber, the multicomputer 
system of for example, halo isobutylene isoprene rubber and epoxidation natural rubber and the 
multicomputer system of ethylene-propylene rubber and silicone rubber can be mentioned. In 
addition, the above-mentioned instantiation is instantiation to the last, and it cannot be 

15 overemphasized that this invention is not restrained by the above-mentioned instantiation. 

[0032] Also in the rubber of the above-mentioned instantiation, synthetic rubber, such as 
natural rubber and styrene butadiene rubber, is desirable. 

[0033] - Nature bulking agent of a silica - As a nature bulking agent of a silica in this invention, 
a water silicic acid and a silicic acid anhydride can be mentioned. What is called a silica can be 

20 included in the nature bulking agent of a silica in this invention. This water silicic acid can come 
to hand easily by trade names, such as "Tokusil" (a trademark, Tokuyama soda incorporated 
company make), "Nipsil" (a trademark, the Japan silica incorporated company make), and 
"Zeosil" (a trademark, Rhone Poulenc S.A. make). A silicic acid anhydride can come to hand 
easily by trade names, such as "Aerosif (a trademark, product made from Japanese Aerosil, 

25 Inc.), and "Cab-0-Sil" (Cabot Corp. make). 

[0034] Generally, since the nature bulking agent of a silica can obtain a rubber constituent with 
big transparency and moreover excels the calcium carbonate which is the same white bulking 
agent in reinforcement nature when a refractive index is about 1.45 and blends with rubber, it is 
utilized as a transparence bulking agent for synthetic rubber. But the nature-bulking agent of 

30 silica has a hydrophilic property for the silanol group which exists in a particle front face, its 
"wettability" to rubber is low, and, so, adhesion with rubber and its separability are bad. With 
the property of such a nature-bulking agent of silica, in the rubber constituent which comes to 
blend the nature bulking agent of a silica with rubber, phase separation and a clearance may 
occur and the reinforcement of a rubber constituent and endurance may fall. Therefore, the 

35 approach of whether the front face of the nature-bulking agent of RISHIKA is beforehand 
converted into hydrophobicity or to add a modifier during kneading is often adopted. 
[0035] In order to reduce the hydroxyl group of the front face of the nature bulking agent of a 
silica, to reduce the cohesive force of the nature bulking agents of a silica and to promote 
distribution in rubber, it is also good to adopt the approach of a publication as JP, 61 -255945 ,A. 

40 [0036] In this invention, well-known technique may be adopted as the nature bulking agent of a 
silica used from the former which was described above. 

[0037] Although there is especially no limit as loadings of the nature bulking agent of a silica in 
this invention unless the object of this invention is checked, preferably, it is the 40 weight 
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sections - 100 weight section to said rubber 100 weight section, and is 60 weight sections - 80 
weight section especially preferably. Although it is satisfactory to apply this invention also to 
what carried out 10 weight sections extent restoration of the silica to the rubber 100 weight 
section, in that case, in addition to a silica, usually, it fills up also with carbon black considerably 
from the point of rubber physical properties, and the need of being filled up with a vapor growth 
carbon fiber does not not much have the problem itself which should be solved by this invention 
not much greatly. 

[0038] - Vapor growth carbon fiber - Generally a vapor growth carbon fiber is manufactured by 
either a substrate method or the floating gaseous-phase method (called a floating catalyst 
method or the Nikkiso method.). 

[0039] After a substrate method seeds the metal particle which becomes the growth nucleus of 
a vapor growth carbon fiber on the ceramic substrate arranged within a reaction and performs 
hydrogen reduction, it makes it the content to grow up a carbon fiber on a substrate by 
performing the pyrolysis reaction of a hydrocarbon. For a number - 10 micrometers of numbers, 
and die length, that diameter is [the vapor growth carbon fiber obtained by this approach] 
[Yoshiharu Konuma, Tsuneo Koyama, and application physics 32 857(1963)] they are 0] a 
number - 10cm of numbers. Since that diameter is usually too large, the vapor growth carbon 
fiber manufactured by this substrate method has that it is not desirable. 

[0040] as the vapor growth carbon fiber which can attain the object of this invention better — 
Nikkiso — the vapor growth carbon fiber manufactured by law can be mentioned. 
[0041] The Nikkiso method is reported plentifully until now (JP, 62-49363,B, USP 4,572,813 
grade), and can be used without a limit of the vapor growth carbon fiber manufactured by these 
well-known approaches. 

[0042] Nikkiso — if it sends in within [which did not use a substrate but was heated as law by 
the temperature within the limits of 800-1,300 degrees C by making three components of 
carbon source gas, the source gas of a catalyst, and carrier gas into mixed gas] a reaction, a 
detailed carbon fiber can generate and how to take out a vapor growth carbon fiber from the 
other end of a coil can be mentioned. 

[0043] An organic compound different from the carbon component in the compound which 
constitutes the source of a catalyst, and the source of a catalyst as said carbon source in the 
Nikkiso method can be mentioned. When it is sufficient amount for the content of the carbon 
component which constitutes the source of a catalyst to generate a vapor growth carbon fiber, 
the source of a catalyst has a function as the supply source, i.e., the carbon source, of the 
carbon used as the vapor growth carbon fiber other than the function which supplies the 
transition metals used as a catalyst during a reaction. Therefore, in this invention, the 
compound same as a carbon source and a source of a catalyst may be used, and a carbon 
source and the source of a catalyst may be separate compounds. 

[0044] An organotransition metal compound can be mentioned as a source of a catalyst. This 
organotransition metal compound does not have a limit, especially as long as it is the 
organometallic compound which can be made to generate the transition metals as a catalyst by 
decomposing within a reaction, the suitable transition metals which constitute an 
organotransition metal compound — the [ periodic table ] — especially the suitable transition 
metals that can mention the metal belonging to a VIII group are chosen from the group which 
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consists of iron, nickel, and cobalt — it is a kind at least and still more suitable transition 
metals are iron. As an example of the transition metals which can constitute an organotransition 
metal compound besides these, metals, such as a scandium indicated by the 22nd line from the 
5th **** of 14 lines of JP, 62-49363,B, titanium, vanadium, chromium, and manganese, can be 
5 mentioned. 

[0045] The organic compound which is a carbon source does not have a limit, especially as long 
as it is the compound which can serve as a carbon source for forming a vapor growth carbon 
fiber within a reaction. As an organic compound as a carbon source used for the approach of 
this invention, the compound of a publication can be mentioned by the 37th line from the 4th 

10 **** of 14 lines of JP, 62-49363.B. As a suitable organic compound, aliphatic hydrocarbon 
compounds, such as aromatic hydrocarbon compounds, such as benzene, toluene, and styrene, 
methane, ethane, and propane, can be mentioned. Moreover, these can also use the kind 
independently, and they can also use it, being able to combine the two or more sorts. 
[0046] In that manufacture approach; as for the vapor growth carbon fiber in this invention, a 

15 co-catalyst is used suitably. Surfur-containing heterocyclic compounds, such as 
benzothiophene, a thiophene, and a hydrogen sulfide, are [that what is necessary is just what 
can interact with the catalyst metal generated from said source of a catalyst as a source of a 
co-catalyst, and can promote generation of a vapor growth carbon fiber] suitable. 
[0047] As said carrier gas, especially unless the generation reaction of a vapor growth carbon 

20 fiber is affected, there is no limit, and rare gas, such as helium, neon, and an argon, nitrogen gas, 
hydrogen gas, etc. can be mentioned. Hydrogen gas is desirable. 

[0048] That average diameter is 0.01-3 micrometers, and the vapor growth carbon fiber used in 
this invention is 0.05-0.5 micrometers preferably. 

[0049] If the average diameter of the vapor growth carbon fiber in this invention is in said within 
25 the limits, when kneading with rubber, a vapor growth carbon fiber is not crushed, but the object 
of this invention can be attained well. In case it is kneading with rubber, as the average diameter 
of a vapor growth carbon fiber is less than 0.01 micrometers, a vapor growth carbon fiber 
produces the inclination to condense, without distributing good in rubber. Moreover, when the 
average diameter of a vapor growth carbon fiber exceeds 3 micrometers, on the occasion of 
30 kneading with rubber, the inclination for a vapor growth carbon fiber to be crushed may be 
produced. 

[0050] The die length of the vapor growth carbon fiber used for this invention on the other hand 
is usually 5-150 micrometers, and it is especially desirable that ft is 10-100 micrometers. 
[0051] If the die length of a vapor growth carbon fiber is in said within the limits, while electric 

35 conduction pass is formed good, the maldistribution in the inside of rubber will not be started. 

[0052] In this invention, although a vapor growth carbon fiber has conductivity, rts graphitization 
vapor growth carbon fiber which comes to raise the degree of graphitization of a vapor growth 
carbon fiber further is desirable. A graphitization vapor growth carbon fiber is also included in a 
vapor growth carbon fiber in this invention. But the vapor growth carbon fiber further 

40 graphrtized by heat-treatment is called especially a graphitization vapor growth carbon fiber in 
this description, and especially the vapor growth carbon fiber that is not graphrtized may be 
called a non-graphitizing vapor growth carbon fiber, and may be distinguished. 
[0053] That electrical conductivity and thermal conductivity of this graphitization vapor growth 
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carbon fiber can improve, and it can attain the object of this invention further, so that the 
temperature when heat-treating a non-graphitizing vapor growth carbon fiber if it puts in 
another way, so that a degree of graphitization is high is high. 

[0054] In order to raise an interaction with rubber, as for a non-graph it izing vapor growth 
5 carbon fiber and a graphitization vapor growth carbon fiber, it is desirable to aim at installation 
of functional groups, such as a hydroxy! group, on the front face. It is good for installation of a 
functional group to adopt the acid-treatment method usually enforced general-purpose by the 
technical field of a carbon fiber, the low-temperature plasma treatment method (for example, 
approach indicated by JP, 64-9248.A) used for introducing a hydroxyl group into a carbon black 
10 front face. Moreover, it is also desirable to process beforehand a non-graphitizing vapor growth 
carbon fiber or a graphitization vapor growth carbon fiber with the surfactant indicated by 
JP.63-256661A 

[0055] By the way, a graphitization vapor growth carbon fiber can be manufactured by 
heat-treating preferably 2,000 degrees C or more of said non-vapor growth carbon fibers in the 
15 range of 2,000 degrees C - 3,000 degrees C. 

[0056] As an ambient atmosphere of heat-treatment, an inert gas ambient atmosphere is 
usually adopted. The heating processing time is usually 5 minutes or more. 

[0057] When said graphitization vapor growth carbon fiber is carried out from the point of mixed 
operability, the average aspect ratio is 2-200, and they are 30-110 preferably [it is desirable 

20 and] to 10-150, and a pan. The object of this invention can be attained much well as the 
average aspect ratios of a graphitization vapor growth carbon fiber are 2-200. 
[0058] In addition, the average aspect ratio of a graphitization vapor growth carbon fiber 
Photograph a graphitization vapor growth carbon fiber in a scanning electron microscope 
photograph, and a scanning electron microscope photograph is observed. From the 

25 graphitization vapor growth carbon fiber copied by the scanning electron microscope 
photograph, choose the sample of 1 ,000 at random and the selected graphitization vapor growth 
carbon fiber is assumed to be a cylinder object. It asks by measuring the selected die length 
and the selected diameter of a graphitization vapor growth carbon fiber, considering as the 
aspect ratio of each graphitization vapor growth carbon fiber from the die length and diameter, 

30 and averaging the aspect ratio about the sample of 1,000. 

[0059] The graphitization vapor growth carbon fiber adopted suitably has the graphite structure 
which developed into attitude, and from the point of the development degree of a 
condensed-ring-like carbon mesh plane, as it being desirable and being large, 0.338nm or less of 
0.337nm of distance between carbon mesh planes (doo2) is [that it is usually large and] 

35 0.3355-0.3365nm as it is still more desirable and large. 

[0060] In the distance between this carbon mesh plane, it is measurable by "carbon technical I" 
technology company publication and Qakushin method for which it will ask from the X diffraction 
of a page [55th] publication of issuance in 1970. 

[0061] Moreover, 8% of the graphitization vapor growth carbon fiber used suitably is [be / the 
40 thickness (Lc) of a diameter, i.e., the thickness of carbon microcrystal, with which the carbon 
mesh plane of the shape of the condensed ring lapped / small] desirable in it being still smaller 
4%. That is, it is Lc that it is small when the diameter of a graphitization vapor growth carbon 
fiber is 1 micrometer. It is desirable that it is small and that 60nm 40nm is 80nm as it being 
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desirable and being small as rt is still smaller. 

[0062] In the thickness of this carbon microcrystal, it is measurable by "carbon technical I" 
technology company publication and Gakushin method for which it will ask from the X diffraction 
of a page [55th] publication of issuance in 1970. 
5 [0063] A rubber constituent does so the outstanding effectiveness [say / that stripping of 
friction al heat moreover becomes easy by the antistatic nature rubber constituent of this 
invention not damaging partner material since that Mohs hardness is usually about two and that 
degree of hardness of the vapor growth carbon fiber in this invention is dramatically low since 
thermal conductivity is high, and there is no flash of the vapor growth carbon fiber from a 
10 rubber constituent front face since the diameter of fiber of a vapor growth carbon fiber is 
small ]. 

[0064] If another view is carried out, in the antistatic nature rubber constituent of this invention, 
about a vapor growth carbon fiber, it is manufactured by the floating gaseous-phase method, 
and can limit with the vapor growth carbon fiber whose average diameter is 0.01-3 micrometers. 
15 Thus, the antistatic nature rubber constituent of this invention containing the limited vapor 
growth carbon fiber does so the technical effectiveness which was [improvement / in surface 
smooth nature / improvement in a sliding property and lubricating properties, thermally 
conductive improvement, improvement in a heat dissipation property,] excellent in addition to 
conductive improvement. 

20 [0065] The loadings of the vapor growth carbon fiber 1 - whose average diameter are 0.01-3 
micrometers are the 1 - 200 weight section to said rubber 100 weight section, and are usually 
the 1 0 - 1 50 weight section preferably. 

[0066] - Other components - Unless the object of this invention is checked, various arbitration 

components can be made to contain in the rubber constituent of this invention. 
25 [0067] As an arbitration component, a vulcanizing agent, a vulcanization accelerator, process oil, 

an antioxidant, a silane-coupling agent, a bulking agent, etc. can be mentioned. 

[0068] Moreover, it can also blend from the former with said vapor growth carbon fiber in the 

range which does not check the object of this invention for well-known carbon black or a 

welr-known PAN system carbon fiber, and a pitch based carbon fiber. 
30 [0069] - Manufacture of a rubber constituent - The antistatic nature rubber constituent of this 

invention can be manufactured by kneading each component mentioned above. 

[0070] 

[Example] 

(An example 1, example 1 of a comparison) In the following combination components and 
35 blending ratio of coal, the rubber constituent was prepared according to the following methods 
of preparation. 

[0071] <Rubber constituent (1) Natural rubber The 100 weight sections (natural rubber 

latex [the product made from Socfin, and trade name Soclex CC]) 

(2) a silica 50 weight sections (the Rhone Poulenc SA. make, a trade name Zeosil) 

40 (3) Vapor growth carbon fiber It measures so that it may become a predetermined rate of 

volume filling (it does not blend in the Nikkiso Co., Ltd. make, the trade name glass car 
(trademark) GWV, the average diameter of 0.6 micrometers, Lc 51 nm, and the example 1 of a 
comparison.). 
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(4) Carbon black It measures so that it may become a predetermined rate of volume filling (it 

does not blend in the product made from Mitsubishi Kasei Industry, a trade name GPF, and the 
example 1.). 

(5) Spindle oil Ten weight sections (6) a silane cup RIMBU agent ... One weight section (the 

5 Shin-Etsu Chemical Co., Ltd. make, gamma-mercapto propyltrimethoxysilane) 

(7) a zinc oxide Four weight sections (the Toho Zinc Co., Ltd. make, zinc white No. 1) 

(8) stearin acid Three weight sections (the Kao Corp. make, trade name RUNAKKU S-30) 

(9) sulfur Three weight sections (the product made from Kanto Chemistry, trade name 

reagent No. 1) 

10 (10) a vulcanization accelerator One weight section (the Ouchi Shinko Chemical make, 

trade name Nocceler DM) 

(11) a vulcanization accelerator One weight section (the Ouchi Shinko Chemical make, 

trade name NOKURAKKU 630F) 

each component except <method-of L -preparation> sulfur, a vapor growth carbon fiber, and 
15 carbon black — a law — after having kneaded according to the method, and having added the 
vapor growth carbon fiber subsequently (in the case of an example 1), or adding carbon black (in 
the case of the example 1 of a comparison) and fully kneading, finally sulfur was added and it 
mixed to homogeneity. This kneading object is held in the metal mold made from aluminum 
(1 50mm wx 200mm L x2mmd spacer), a hotpress is used, and they are 125 degrees C and 
20 33kg/cm2. It vulcanized over 2 hours. The relation between the rate of volume filling of a vapor 
growth carbon fiber and carbon black and specific resistance was shown in a table 1. Moreover, 
in a table 1, the blending ratio of coal to the natural rubber 100-weight section of a vapor 
growth carbon fiber and carbon black is shown. 
[0072] 
25 [A table 1] 

[0073] Compared with the rubber constituent (example 1 of a comparison) with which the 
rubber constituent (example 1) which comes to blend the vapor growth carbon whose average 

30 diameter is 0.6 micrometers, and whose aspect ratio is 90 from the result shown in a table 1 
comes to blend carbon black, it turns out that the conductivity excellent in the filling factor with 
it is acquired, [a small therefore percolation threshold and] [low] This is considered that a vapor 
growth carbon fiber is because there is little cutting of fiber during kneading. 
[0074] (An example 2, examples 2-5 of a comparison) In order to investigate change of the 

35 physical properties of the silica content rubber by combination of a conductive bulking agent, 
without blending various kinds of conductive bulking agents so that it may become a 
predetermined rate of volume filling for the combination component shown below (an example 2, 
examples 2-4 of a comparison), or blending a conductive bulking agent (example 5 of a 
comparison), metal mold shaping was performed on 160 degrees C, 43kg/cm2, and the 

40 vulcanization conditions for 20 minutes, and the test portion was obtained. 

[0075] <a combination component and the blending ratio of coal> (1) a styrene butadiene 

rubber .. The 100 weight sections (the Nippon Zeon Co., Ltd. make, trade name Nipol#1502) 

(2) a silica 80 weight sections (the product made from Japanese Silica, trade name Nipsol 
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VN3) 

(3) Aroma tick oil .... The 37.5 weight sections (the Idemitsu Kosan make, trade name Aromatic 
oil AH-16) 

(6) a zinc chloride The 2.5 weight sections (7) stearin acid One weight section (the 

5 Nippon Oil & Fats Co., Ltd. make, trade name stearin acid **) 

(9) an antioxidant 2 weight sections (10) paraffin wax The 1.5 weight sections (the 

product made from Taniguchi Petroleum, trade name paraffin wax) 

(11) sulfur One weight section (product [made from Hosoi Chemistry], granular sulfur, 

and trade name fines sulfur) 

10 (12) the Sal Foehn amide The 1.7 weight sections (the product made from Kawai Chemistry, 

trade name Acc CZ-R) 

(13) diphenylguanidine Two weight sections (the product made from Kawai Chemistry, trade 

name Acc D-R) 

The rate of volume filling of the conductive bulking agent used in the <rate of conductive 
15 bulking agent and volume filling> example 2 and the examples 2-4 of a comparison and a 
conductive bulking agent is as follows. 

[0076] - Example 2-vapor growth carbon fiber (the Nikkiso Co., Ltd. make, trade name glass car 
(trademark) 0.4 GWH-OA, the average diameter of 0.4 micrometers, Lc 51 nm, graphrtization 
processing). The rates of volume filling are 4%, 8%, and 12%. The blending ratio of coal to the 

20 styrene-butadiene-rubber 100-weight section is shown in a table 2. 

[0077] - Example of comparison 2-KETCHIEN black (the product made from KETCHIEN Black 
International, trade name ketjenblack EC, average diameter; 30mmum). The rates of volume 
filling are 8% and 12%. The blending ratio of coal to the styrene-butadiene-rubber 100-weight 
section is shown in a table 2. 

25 [0078] - Example of comparison 3-Val Quan XC (the Cabot Corp. make, trade name Valcan 
XC-72, average diameter; 30mmum). The rate of volume filling is 12%. The blending ratio of coal 
to the styrene-butadiene-rubber 100 weight section is shown in a table 2. 

[0079] - Example of comparison 4-PAN system high strength carbon fiber (the Toray Industries, 
Inc. make, trade name chopped CF, the average diameter of 7 micrometers, fiber length of 3mm). 
30 The rates of volume filling are 9.7%, 13.1%, and 16.8%. The blending ratio of coal to the 
styrene-butadiene-rubber 100-weight section is shown in a table 2. 

[0080] <Conductivrty and degree of hardness> Conductivity and a degree of hardness were 
measured about each obtained test portion. While the measurement result was shown in a table 
2, the relation between conductivity and a degree of hardness was shown in drawing 1 . In 

35 addition, the conductivity when not blending a conductive bulking agent (example 5 of a 
comparison) was too low to measure an exact value (less than [logsigma;-10 ]). Conductivity is 
the YOKOGAWA ELECTRIC CORP. make. 7552 DIGITAL it measured using MULTIMETER. A 
degree of hardness is JIS. Based on K-6301 (Spring method), it measured with the rubber 
hardness meter 200 by Shimadzu Corp. 

40 [0081] 

[A table 2] 
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[0082] As shown in drawing 1 , in the degree of hardness of a test portion, there was almost no 
difference at the case where a vapor growth carbon fiber is blended, and the case (the example 
5 of a comparison, degree of hardness 69) where a conductive bulking agent is not blended. On 
the other hand, when other conductive bulking agents were combined, compared with the case 
5 (the example 5 of a comparison, degree of hardness 69) where a conductive bulking agent is not 
blended, the degree of hardness of the obtained test portion was notably high. 
[0083] This shows that a vapor growth carbon fiber can raise conductivity, without changing the 
degree of hardness of silica content rubber a lot. On the other hand, since other conductive 
bulking agents raise the degree of hardness of silica content rubber, it turns out that it is 
10 necessary to reduce the amount of silica to use it for the same application. Reducing the 
amount of a silica vanishes the property which was excellent in silica content rubber, or it is 
made to fall remarkably. 

[0084] Moreover, as shown in drawing 1 , when the inclination at the time of blending a 
conductive bulking agent is extrapolated, a far bigger thing than the conductivity of the rubber 
15 constituent which the conductivity of the rubber constituent containing the vapor growth 
carbon fiber which has the same degree of hardness does not contain a vapor growth carbon 
fiber, but contains a conductive bulking agent is understood easily. 

[0085] (An example 3, example 6 of a comparison) In the following combination components and 
blending ratio of coal, the rubber constituent was prepared according to the following methods 
20 of preparation. 
[0086] 

<Rubber constituent (1) Styrene butadiene rubber (SBR) ... The 100 weight sections (2) 

Silica 60 weight sections (it is silane coupling processing at URUTORAJIRU VN3/SH59 

=100:1) 

25 (3) Vapor growth carbon fiber It measures so that it may become a predetermined rate of 

volume filling (the used vapor growth carbon fiber is explained independently.). 

(4) Carbon black It measures so that it may become a predetermined rate of volume filling (it 

does not blend in the Cabot Corp. make, trade name VuIcanXC-72, and the example.). 

(5) Zinc oxide The 2.5 weight sections (the Toho Zinc Co., Ltd. make, zinc white No. 1) 

30 (6) Stearin acid One weight section (the Kao Corp. make, trade name RUNAKKU S-30) 

(7) Antioxidant Two weight sections (8) Paraffin wax The 1.5 weight sections 

(product made from Taniguchi Petroleum) 

(9) sulfur Three weight sections (the product made from Kanto Chemistry, trade name 

reagent No. 1) 

35 (10) The Sal Foehn amide The 1.7 weight sections (the product made from Kawaguchi 

Chemistry, trade name Acc CZ-R) 

(11) Diphenyl FUANIJIN Two weight sections (the product made from Kawaguchi 

Chemistry, trade name Acc D-R) 

<A vapor growth carbon fiber and carbon black> The vapor growth carbon fiber and carbon 
40 black which were used in this example and the example of a comparison are as follows. 
[0087] (1) 0.1GWH-OA-W** (shown by B among a table 4.) 

The graphitization vapor growth carbon fiber which heat-treated the vapor growth carbon fiber 
(non-graphitizing vapor growth carbon fiber) with an average diameter of 0.05-0.1 micrometers 
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at 2,800 degrees C in the nitrogen air current, and was obtained. 
[0088] (2) 0.1GWH-OA-W** (shown by C among a table 4.) 

The graphitization vapor growth carbon fiber which heat-treated at 2.800 degrees C directly, 
and was obtained, without heat-treating a vapor growth carbon fiber (non-graphitizing vapor 
5 growth carbon fiber) with an average diameter of 0.05-0.1 micrometers at 1,000 degrees C in a 
nitrogen air current. Lc 32nm. 

[0089] (3) 0.2 GWH-OA-M (shown by E among a table 4.) 

The graphitization vapor growth carbon fiber which heat-treated the vapor growth carbon fiber 
(non-graphitizing vapor growth carbon fiber) with an average diameter of 0.05-0.1 micrometers 
10 at 2,800 degrees C in the nitrogen air current, and was obtained. Cutting processing of fiber is 
omitted, and an aspect ratio is very large and is 800 or more. Lc 43nm. 
[0090] (4) GWH-OA (shown by F among a table 4.) 

The graphitization vapor growth carbon fiber which heat-treated the vapor growth carbon fiber 
(non-graphitizing vapor growth carbon fiber) with an average diameter of 1 micrometer at 2,800 
15 degrees C in the nitrogen air current, and was obtained. Lc 65nm. 
[0091] (5) VulcanXC-72 (shown by G among a table 4.) 
Conductive carbon black by Cabot Corp. 

[0092] each component except <method-of-preparation> sulfur, a vapor growth carbon fiber, 
and carbon black — a law — after having kneaded according to the method, and having added 

20 the vapor growth carbon fiber subsequently (it adds in the case of an example, and does not 
add in the example of a comparison.), or adding carbon black (it adds in the case of the example 
of a comparison, and does not add in an example.) and fully kneading, finally sulfur was added 
and it mixed to homogeneity. This kneading object is held in the metal mold made from 
aluminum (150mmw x200mmL x2mmd spacer), a hotpress is used, and they are 125 degrees C 

25 and 33kg/cm2. It vulcanized over 2 hours and the sample was created. 

[0093] The combination weight section of a vapor growth carbon fiber and carbon black was 
shown in a table 3. In addition, a volume fraction is shown by the inside Vf of a table 3. 
[0094] 
[A table 3] 

30 

[0095] <Assessment> The following trials were performed about the obtained data. 
[0096] (1) Similarly in the conductive aforementioned example 2, conductivity was measured 
and it evaluated with the conductivity. While the assessment result was shown in a table 4, the 
35 relation between conductivity and a degree of hardness was shown in drawing 1 . 

[0097] (2) It is attached to the tensile strength aforementioned sample, and is JIS. It measured 
based on K-6301 . 

[0098] (3) It is attached to the tear on-the-strength aforementioned sample, and is JIS. It 
measured based on K-6301. 
40 [0099] (4) It is attached to the ductility aforementioned sample and is JIS. It measured based 
on K-6301 . 

[0100] (5) About the degree-of^hardness aforementioned sample, it measured similarly in said 
example 2, and evaluated. 
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[0101] 
[A table 4] 



[01 02] The column indicated to be the column indicated to be a table 4 Naka "blank" and "G 
VulcanXC-72" expresses the result of the example 5 of a comparison, and others express the 
result of an example 3. 

[0103] It is understood from the result shown in a table 4 that conductivity is improvable, 
without a vapor growth carbon fiber raising the degree of hardness compared with conventional 
conductive carbon black. 

[0104] Moreover, reference of drawing 2 understands easily a thing large farther than the 
conductivity of the rubber constituent with which the way of the rubber constituent of the 
invention in this application which has the same degree of hardness contains G by extrapolating 
the rubber constituent containing G caudad. 
[0105] 

[Effect of the Invention] The antistatic nature rubber constituent of this invention does not 
have substantially the outstanding lowering of a property obtained by blending silica, and, 
moreover, is excellent in conductivity. Therefore, this antistatic nature rubber constituent is 
extremely excellent in antistatic nature. 

[0106] Moreover, in the production process of conventional silica content rubber, it is also 
possible to manufacture the antistatic nature rubber constituent which only adds the process 
which only blends a vapor growth carbon fiber, and was extremely excellent in antistatic nature. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is drawing having shown the relation of the conductivity and degree of 
hardness at the time of blending various conductive bulking agents. 

[Drawing 2] Drawing 2 is drawing having shown the relation of the conductivity and degree of 
hardness at the time of blending various conductive bulking agents. 
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[0 0 4 0] ^(D5!B^(DBW*i0S:<^-r ; S.^t© 

[0041] aasftttin^-cc^SftsnT^T 

(#iiBa 6 2-49 3 6 3^, USP4, 572, 81 

3^) , cne.ttffl©*ttK:«to*iSsn**iaj«*R 

[0 0 4 2] BlSStlT, SS«rMfflii-r, M*!^ 
^/X tiil^Xt + t 'J -V— #3. t© 3 ^«:?g-&^ 
XtlT8 0 0~l, 3 0 0"C©^ffl[^©SSlCjnl^$ 

[0043] H««atfc*^**aeK*iRtbTtt, ® 
[0044] mmmt\sT\tMmw&&.mt&%i*:mf 

•5 il <h ©T €T 3 mm&m<t&®lT& % Eg 0 & WIB**^: 



( 5 ) 

7 

fljw*«»vi i i*KK-r z. 
mtnm&&m\-£&-v& : 5>° z\n£><z>twzmmm&&m<t 

2-4 9 3 6 3 ^^m<r>% 5 mm 1 4fT#> bfg 2 2 

□ A, ^>#>#©&M£^fS££7!>ST#So 
[0 0 4 5] ^*MT&SW^b^«£««ftT-«*l 

T&sKow-fWEB^ft^o z.<D%w<D^mzmm-zn 

9 3 6 3#^<OlS4fflmi 4fr^6^3 7fT^T(CfB 
«cDfc^£imfS CI So ffffl&^fc^i 

[0 0 4 6] ^(D^^t*J^«>^;*l^fi^*^,*«, -5" 20 

So 

[0 0 4 7] ltE+t'J7^tl/TH ^ffl^ft^* 

Z>**tg#X&£*£*tfS;i£rt*-e£So $?SL<^(£>«# 30 
PiitfXT&S. 

[0 0 4 8] £©fgfSfc£^Tde/B2nSSMBj&Rp?^ 
Hftltt, ^©Jp^itg^O. 0 1~3/imT&D, ff* 
L<H0. 05-0. 5#mta&5. 

[0 0 4 9] £©*Efc43Kr*^rt***iMft© s Fl% 

0 1 ju.mifciiT&S.h, =fA<hCDig^<Z5^tC, 

ttisas££*. Sfc, ^,4Bfig*M*i«^co^^iSfl/&t3 

&a*®?fc;*nTb£3«ffl££US£<fc5&*a&s. 
[0 0 5 0]-*, c©fgWKttfl!3ft*affiJ«fi«* 

^*60*$«> ffl#5~ 1 5 0 nmTSD, #C10~ 

10 0 (imTa&5©*«!ffSt^. 

[0 0 5 1 ] AffiAAKXMMS^fi^^meffB^ic^ 

st. w/^^atAfiFKUBrissnst^K^+To^ 

[0 0 5 2] E©3B9Jfc:&V>TKt, &JBtiL3kBimWm\!t 50 



^^^8- 12 7 6 7 4 
8 

••ft**-!-*©"?*** 1 , ^ffi**Kil«OS»ft 

[0053] croii^ft^iffi^s^^«*t«, i&Wbft 

[0 0 5 4] |E9ttfc&*Bj&K»Sraj3£tfmttfca; 

(«SJx.«#^BS 6 4-9 2 4 8 ^iiaKStStlfe* 

$103 6 3 -2 5 6 6 6 1 ^«^iS«c$nfe*®ffitt»J 
[0055] tI5T, H^kmffl^w*«*6tt> *5 

v&fE&m&t&mmmm& 2, 000 "ck±, » * l < \i 

2, 0 0 0t~3, 0 0 0*C(DfEHf3SP^aTS^i: 
«t D Kit $ *"lS C t * . 

[0 0 5 6] !0JIMaa©*H»tbTttTflltt^X»H 

3 ns. tt*ffl9i5nKMi*5#eu:-c* 

So 

[0 0 5 7] meMttfc&firtftftSflMfctt* MSmft 

$f*L<«l 0~1 5 0, $^i;fftKH3 

o~i 1 ot&So m®itm.mtfL&mmmm<D¥)$T * 

^ Mfcj&*2~2 0 0Ta6?.tC©lBJ©16<)J-M 
[0 0 5 8] fc*, M»^ft4ejftSKXWl0^7X 

1, 0 0 0Ot>^M*f*fciRl/, JURbfeHIG 
tfctU 1, 0 0 0<D^>^MZ-O^T<D7^i7 bit 

[0 0 5 9] #S££Mi£n£IRWb&41j£«£*ira 
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9 

a#*£< tfcO. 3 3 8 nmKT, $?£L-<«, 
<£t>0. 3 3 7 nm, jEfc»*b<tt, *^<<bfc 
0. 3 3 5 5~0. 3 3 6 5 nmT&3. 

[0060] £0&t*Mi&iiMEfttt. mm&L% I J S- 

¥&*£tffili£. 1 9 7 OitWirnms 5MlCfB*roXH 

[0 0 6 1 ] »jgfrffiffl$n5H«B'ffc;^lffi^fi0? 

(Lc ) #I«ffl*S<tt(4 
S<ifc60nm, $&Htt/h3<tt)8 0nraT$5 

[o o 6 2] £©«*ttft^©jpstt» r*#a*ij 

»*a«atHIS» 1 9 7 0^f§fT©?g5 5RCE«fflX 

' [0 0 6 3] z(D&w\z$>iiz>%farfi-Bz0imm&\t, m 

[0 0 6 4] m<DMJ5&-?2>}i. Z-CDftWOffinViltte. 

3&tB.&m\zi$\ / *T\$. %m^m.mmmz-D^, mm 
%mmz&om&-zn. t^-ow-nwMtfio. oi~3n 

mT*S»«**R*««ii:IBjrr*Ild:3S«T**. ~ 

w©#«B&ihtt^Aia««tt, flMii£®ffl±si*ic* » 30 
imin#tt©ifiiJL, »e*tt©i«i±, **M*tto 

I. [0 0 6 5] l~2P^ttg5i«0. 0 1~3tfmT*^ 

ffi«ftK*«li©E^«tt. »#, TOIBrfAl 0 OSS 
8Bfc*fbTl~2 0 OfiSBBTi&O* $?£L<tel 0~ 
1 5 OMSSBT**. 
[0 0 6 6] -^(Di&O&ti— 

St/iV^0l:*^T, a*coffitj£#£^£-fr.5;r 40 

[0 0 6 7] ftS«»i:l/T> OTAfcfllHifcfflt JlDBfEiSjl 
[0 0 6 8] *&, MSB»ffiJ«*K*«*6t*K:fie3lE*» 
E£"r5££fcTtr£. 

[0069] -rfA*a^©iafa- 
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[0 0 7 0] 

let, e^TWIHSiS^-pT^A^iJ^iBSbfc. 
[0 0 7 1] <3*Aifaj&$&> 

(1) ^S*n'A 10 0fi»gB 

R^A^T'^X [Socf in&fi, S o 

c 1 e x CC] ) 

(2) ->u^ 5 omma 

(o— 7>*k». AA«Zeos i 1) 

(3) SttrtftftXttNl 

E-^-e-f. ) 

(4) X—^zr^yf m%.<n&fe%%imz?3: 



(=«YbJ«XMI «*) IS. «fi«GPF. ^ism-era: 
E-^-fr-fo ) 

(5) xtf>h'ju» i oaase 

(6) ->?>tJ y 7V >Zfffl ■ • • 1SSSB 

(.nnmm a*) mmm-^r) 

(8) Xf7'J>S 3 MSB 

0fE3E 0*) S!S*J^yi7S-3 0) 

(9) fit* 3SfigB 

(10) trate{Sjt^j lasn 

(±ftmmitm m s. ?t7-DM) 

unaassflgiiai iaz& 



.ttf*-#>^ 

CKDJga&S:. 7^5Z^7AISM (15 0mm'x2 
0 0 mm 1 X 2 mm" X^<— tJ") (CJR^L> h^l/ 
X^ffi^T12 5t, 3 3kg/cm ! T'2^»ttT 

SnSfebfeo Sit:- jM8**«3lfittSS^*— 

V PO#m%mmtlt&in£<Dm& : £7f:Lfc. Wife, * 

55^rfA 1 0 oagSBf-^fT^E'&fiJ'&^^tl^e 
[0 0 7 2] 
[SI] 
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(96) 


( Q • cm) 






1 5 


1 0 s 


5 511$ 


3 0 


3 


12 7. 8li$ 




1 5 


> 1 0 7 


4 2 . 2mmm 


3 0 


1 0 6 


10 2. 3111 



p o 1 # 1 5 0 2) 



[0073] ^liz^ntzmm^^s ¥*s»&**o. 

6//mT£>9> TX^i7 hit** 9 Otfe^^ffl^* 

T«n/t»«tt**i»6n*2:i:**»**. ^nn ^,*s 20 
[0074] (^js^j 2 , &mm 2 - 5 ) itft^i 

16 Or, 4 3 kg/ cm 2 > 2 0#(Z)i0*&#T3:S! 

[0 0 7 5] <1B^^^ J; im^m^> 30 

(1) X^l/>-^> ? a:>rfA • • 100 
(B #i?:*> 0») S> ffifi«N 

(2) y'JA 

(3) 7D7f^f7i7^;W • • 

(&Xmm (80 fi, SS«Ar oma t 
AH- 1 6) 

(6) mtmm 2. 

(7) Xt7U>1 

(B*»1B (HO K, aS.«Xr7U>S til) 40 

(9) »flsKifc»l 2S«K 

(10) A C ^7^ >Vyt?7> 1. 

(»P5ffl ($0 tt« i^<££/^:7^ >*7y ^X) 

(11) ** lfi*SB 

()ffl#{b^ (ttO 85. ttttttlt BiPp* «£6£») 

(12) *;^x>7 5 K 1. 7S«G 

(/H*fc¥ (HO i§ffi«Acc CZ-R) 

(13) y7xrM7ny> 2SSSB 

0H^<fc¥ (HO SSS«Ac c D-R) 

<#«tt*«#J*i^«***>l6«i«l2, itmm2 50 



• 8 0 

p s o 1 
3 7. 5 



VN3) 



i c 

51 
1 1 



o i 1 
SB 



[0 0 7 6] -^SS#J2- 

(S^iSjS) 0. 4GWH-OA, ¥^iS0. 4 m 
m, L c 5 1 nm. JRttfcfflaS) . 4 X, 

o ona w5E§a^3i« 2 1 i:ssns. 

[0 0 7 7] -it«0«2 - 

a ^Jl/ (80 fi, SSS^S ketjenblack E 
C> f^tl; 3 0mum) . 8 «ktf 

[0 0 7 8] -Jt««3 - 
^>M>XC (tt*7hm Sfi«Valcan 
XC-72, ; 3 0 m u m) „ flc*^sa*tt 

12%T$>£o xns>-Zf*i?3L>3J* 1 0 OmfigB 

fc *fT £ m^i^xm 2 * fc^ $ tl£> o 

[0 0 7 9 ] - Jt«0U 4 ~ 

PAN^iS^S^*8i*S OKI/ (80 ^p«cho 
p p e d CF, ¥4l£«7Aiim Itfi3mm) . # 
8B&»*W:9. 7%, 13. USitfl6. 8%T$> 
-5c X^-l/>-> r ^> ? x>rfA 1 0 oaSBB^MTSBB 

2 ^tc^^n^o 

[0 0 8 0] <*«**±WKft>#&nfc*3ttt»* 
tl^tlK^^T, tf«ft£89£L&o -tow 

l^^bfco ft43, #«te3fe*«*K^L&^«'& (It 

fc ( 1 o g o ; - 1 0 £tT) o #«*tt«W*» (80 
S 7552 DIGITAL MULTIMETER 
SI^TSKl/:. SSH J IS K- 6 3 0 1 (S 
p r i n g method) KHMI1U SiMSffrJr 

(80 «rfA««m-2 o oi:T»ISi/fco 

[0 0 8 1 ] 



( 8 ) 



13 



#gS¥8 - 1 2 7 6 7 4 
14 



[«2] 



■ 


• 1 


9 S 

log o ( 


m 

-•■or 1 ) 




(tlv) 




4 1 


- 4 . 


7 J 


6 3 


18. 1 




8 


- 3 • 


0 


6 9 


3 7. 9 




I 2 


- 1 - 


4 | 


7 4 


5 9 - 4 




8 


- 2 . 


7 j 


8 2 


3 1. □ 


1 2 


- 1 . 


2 5 


8 8 


4 8. 5 




1 2 


- 3 - 


9 5 


8 0 


4 8.5 




9- 7 


- 2 - 


8 


8 7 


3 8 2 




13. 1 


- 1 . 


5 


9 3 


53. 7 ' 




16.8 


- 1 . 


2" 


9 4 


7 1.9 










6 9 





[0 0 8 2] HI (CthT «fc -5 IC> »iffi^g^^88IS$:B2 

^.1 -fe. liA 



(it 



[0 0 8 3] ^CDrt^e» ->u 
^«??J«« ■> 'J *^ #^ A©«I**»T 1/ S 5 «DT. 

^ — m & C T 3 « -> 'J ts (DM & M 6 -r&^ a& & 



[oo8 4] 01 (c^-r«t'5t, ^me^*^?: 
[0085] mmm 3 . jtt**i 6 > erFros^a-* 

[0 0 8 6] 



<=TA,fflJ5e^J> 

(1) X?l/>-^^> 5 X>a*A (SBR) • • • lOOiigf 

(2) > U * 6 0 MSB 

(t>;i/h^i^;i/VN3 /S i -69 =100:1 y ^'J >^S) 

(3) SMej&SftXttlt Bffi©#****ca:*«t:5CtH 

(4) ts—fcyJ^vZ fft^ro#:«^s£K:&£ J:? (eft 

iSft«VulcanXC-72 > *J6«TttE^1i-f . ) 

(5) mtmm 2 . 5 mmw. 
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15 



#B8¥8- 1 2 7 6 7 4 
16 



(6) 7>^7'J> 

(*63E (*) fi» 7^S-30) 

(7) mitm±m 

(8) A77^>77?^ 

(«PE» (MO S) 

o) mm 3ai 

(SMf (MO SI, Ai«Kllf) 

(10) -y-J1^7ai>T5 K 

onpfls* (*) s>> m*acc cz-r) 

(11) y7i^77^y> 

OMPft* (80 §S> AA^Ac c D 

«l*J:tfttW!T«fl S nfc^fflfSSp? Strati; «t # 

[0 0 8 7] (1) 0. lGWH-OA-W® («4^ 
BTtk ) 

¥«mgo. o5~o. i v.m<r>fm&L&v&&mm (# 
n^tMffi^s^ma*6) *a*a*+T2, soot: 

[0 0 8 8} (2) 0. 1GWH-OA-W© (S4t, 20 

¥*mso. o5~o. 1 (/mo^tiMKiii (# 
mm^^mmmmm) m*fm*-v 1 . ooo 
■cfcjjni^5ttar^^t^<. *st3 2, 8oo"Cfciin*t 

nm„ 

[0 0 8 9] (3) 0. 2 GWH-OA-M (84t, E 

-e^^ti^o ) 

¥«m^o. o5~o. 1 nm<D%.#&L&0kmmm (# 

JMBflS*ttBj£ft&**ilfe) **JK« t f>T' 2 , 8 0 0 30 

8 0 0K±tfe^ L c 114 3 nm. 
[0 0 9 0] (4) GWH-OA (*44 I > FTfSn 



85 



2SSH& 
1. 5lii 



1. 7 



-R) 

So ) 

mmmm) s*jK««i»-i?2, 8 0 o*cctpjift«iau 

[0 0 9 1] (5) VulcanXC-72 (*4+, GTSSn 
3, ) 

[0092] <mm&>%i$i. §&mm&mmmm&£zf 

u a.^miz^T\tmisai±-fo ) . 

^TVtmna^T. ) > -\-ft\zm.mvtcmz, mwzmn 
&muQVTi$-\zM&&?T'Dfz„ z.<r>m&m^ tji^ 

-^AS^I (15 0mm' X 2 0 0 mm 1 X2mm' 
7.^— U-) fciRSFU *yh7 , uX^I^T12 5t 1 
3 3 kg/cm 1 T2Ptr B '3*HtTinBSL, IsmSrfEfiKb 

fee 



[0 0 9 3] i 

[0 0 9 4] 
[S3] 





Vf=4% 


Vf=6% 


Vf=8% 


Vf=10% 


Vf=12% 


Vf=14* 


Vf=16* 


B : O.lGWH-OA-ff CD 


15. 195 


23. 1® 


33. 495 


40. 295 














C : 0. 1 GWH-OA -W © 


15. Igp 


23.195 


31.495 


40.295 














E : 0.2GWH-OA-M 


15.135 


23.135 


31.495 




49.335 




68. 935 






F : GWH-OA 






31.435 




49.335 




68. 935 










G : VulcanXC-72 






25. 535 


32.635 


40.135 


47.835 


55.035 







[0095] <ff«>»6nfc*»t'3*. sxToum m%&Mt&M2\z*siiz><D£mmzLT. 

[0 0 9 6] (!)*«{£ 50 tt*t, l«*t«ftt©H«4HlK*l/fc. 



[0 0 9 7] (2) 3\ 

m^wmz-^z, j i s 

[0 0 9 8] (3) 5\gm 

WEK^fCO^, J I S 
[0 0 9 9] (4) 
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K - 6 3 0 1 \Zi£1&VTfflfe 



K - 6 3 0 1 cqiSSLTSte 
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mmuwiz-Dg, j i s k- e 3 o i khm&i,t«j£ 

[oioo] (5) ms. 

mmuwz-o^. mtz$iffim2\z&ii-z>(Dtmm\zL 

[0101] 
[*4] 









3131 3£8 


^ ■ w^^^m 


9 9 




log ( Q " 1 • cm" 1 ) 








Kgf/cm* 


Kgf/cm 










214.5 


62. 4 


949 


58. 3 




B 


0. 1GWH-0A-W <D Vf= 4% 


181.5 


65. 7 


856 


64. 3 


-5.5 


B 


0. 1GWH-0A-W 


Vf= 6% 


173. 1 


66.9 


854 


57. 7 


-3.9 


B 


0. 1GWH-0A-W 


Vf = 8% . 


156.2 


64.8 


529 


70.7 


-2.5 


ft 


0. 1GWH-0A-W 


Vf=10% 


149.1 

* 


64.2 


774 


72.0 


-2-1 


r 


0. 1GWH-0A-W ® Vf= 4% 


168. 8 


64. 0 


819 


66. 3 


-6. 2 


\-» 


0. LGWH-OA-fl 


Vf- 6% 


1 


64.3 


833 


67.0 


-4.9 


C 


0. lGWH-OA-fl 


Vf= s% 


145.4 


64.7 


776 


70.3 


-2.8 


C 


0.1GWH-OA-W 


Vf=10X 


129.2 


57.7 


738 


74. 0 


-2. 0 


E 


0.2GWH-0A-M 


Vf= 4% 


172.0 


56.7 


829 


62. 0 


-6. 8 


E 


0.2GWH-0A-M 


Vf= 6S 


152.8 


58. 9 


805 


65.0 


-5. 4 


E 


0.2GWO-0A-M 


Vf = 8% 


153.3 


55.2 


734 


69.3 


-2.8 


E 


D.2GWH-0A-M 


Vf-12* 


128.4 


53.4 


613 


73.0 


-1.8 


E 


0.2GWH-0A-M 


Vf=16X 


108.5 


54.2 


522 


76.0 


-1. 2 


F 


GWH-OA 


Vf= 8% 


155.0 


54.4 


822 


64.0 


<-7. 4 


F 


GWH-OA 


Vf-12% 


132.4 


48.1 


764 


67.3 


<-7.4 


F 


GWH-OA * 


Vf=16% 


108.9 


39. 1 


677 


68.3 


-7. 1 


G 


VuJcanJC-72 


Vf= s% 


167.1 


77.6 


801 


69.0 


<-7. 4 


G 


VtilcanXC-72 


Vf=10S 


160.2 


79.9 


718 


73.3 


-5. 7 


G 


VulcanXC-72 


Vf=12* 


150.5 


79.7 


668 


75.3 


-3.3 


G 


VulcanXC-72 


Vf=14S 


140.7 


77.9 


656 


76.7 


-2. 7 


G 


VulcanXC-72 


Vf*16* 


127.7 


71.4 


556 


80.0 


-2. 4 



[0102] r^^>/7j tJE*bfc«i^J:ZX 

TG VulcanXC-72 J £Eftb;fc»Wfc«« 5 ©<8*£ 

[0 10 3] «4fcjR3ft*IS*:&>&. jMBJ&fiftXtt 

[0104] sfe, H2s#Brr*£, G^tts^ 



50 



<5 o 

[0 10 5] 

[0 10 6] ^5f5©^U*-g-#rfA©S3tXS»C 
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[01 ] 



[0 2] 



I 

E 



0 - 



-5 - 



-IO - 




60 70 80 

3t ^ (decree) 
JIS K-6301 (Spring method) 



90 
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0 - 



-5 " 



-10 



B : 0.IGWH-0A-W® 
C i 0.IGWH-0A-W 



# E i 0.2GWH-0A- M 

X F : GWH-0A 
: VulconXC-72 
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70 
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